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Quintessence and Born-Infeld cosmology
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Recent observations suggest that the universe is in a state of accelerated cosmic expansion. Herewith we
investigate this scenario within the Born-Infeld theory, which has been employed to describe open strings
ending on D-branes. A multidimensional model with a topoldgy S°x SY, a cosmological constant, dust
matter, and gauge fields is considered for that purpose. Two situations are subsequently discussed, according to
whether string effects ar@ dominant or(ii) induce perturbations in the gauge field sector. Studying the set of
equations governing the cosmological dynamics, we find that Born-Infeld cosmology can be compatible with
the presently measured acceleration, together with a compactified internal space. This is shown to depend on
the gauge field components in the internal dimensions as well as string modifications to the gauge matter
sector. Furthermore, we argue regarding situatipmhat quintessence could constitute a transient stage.
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A number of recent measurements point to the growingated cosmic expansion could have been determined by brane
evidence that the expanding universe is currently accelerabr strings, gauge, and gravity field effects at prior stages,
ing. Those observations comprise the luminosity-redshift rewould a Bl cosmological framework be compatible with re-
lation observed from type la supernodd. Such a conclu- cent observational data?
sion has been strengthened by the study of the accoustic peakIn order to address this issue, we consider a
in the cosmic microwave backgrouhﬂ] and the mass power D-dimensional Space-timMD, whose action includes a Bl
spectrun{3]. One obvious candidate to explain this effect is Matter sectof14-16 as
the vacuum energy density or cosmological constant. An- f R
other interesting alternative is constituted by a dynamical A a ~ =|R=2A B° .
vacuum energy or quintessence modeb]. These include a 9. ALl=— JMDdX\/__g 167k +E(m_ 1)1'
scalar field slowly evolving down its shallow potential (1)
whose cosmological influence was until recently over-
damped by the expansion of the universe. With potentials ofvith
the exponential type, it was possible to identify conditions
under which the present deceleration parametge= 1 s - ans
—aal/a? is negative[5,6]. However, the vast majority of 1+ @TrF;;FW— 162_34;4(TrF,ZL;;FMV)
these quintessence models usually lead to a fine-tuning prob- )
lem [7]. Other models involving scalar fields coupled to
gravity without a potential were investigated in RE8].
From the point of view of particle physics, other suggestion
ha_lve also been advan_c{a@[l, namely within Einstein-yang- coupling, gravitational, and cosmological constant®iuli-
Mills (EYM) cosmologieg10]. . - - PN -

Our knowledge of cosmologies with the above type ofMensions. In additionf;;=a,A;— AL +[ALALL A,
acceleration can be enlarged with alternative scenarios rélenotes the components of the gauge figgdjs the Bl
trieved from M or string theory11]. In this context, several maximal field strength16], andF*" is the dual ofF,,. We
models have been investigat¢d,12,13, although Born-  write MP=M*x19 with M* being the four-dimensional
Infeld (BI) cosmologies have not yet been examined. Actiongpace-time and® a d-dimensional compact space. For defi-
of the Bl type have recently been the subject of wide interespiteness, let us chooset 4" 9=Rx S*x ¥, whereS3(SY) is
[14]. This comes from the result that the effective action forthe three-@-) dimensional sphere. The group of spatial ho-
the open string ending on D-branes can be written in a B“nogeneity and isotropy is, in this Caséslesq4)
form. In that respect, Bl cosmological solutions could assistx SO(d+1), while the group of spatial isotropy is
in the understanding of brane dynamics regarding the uniy'=s0(3)xSO(d). The most general form of an
verse evolution. Papers discussing cosmological models witg 0(4) x SO(d + 1)-invariant metric is
U(1) BI matter can be found in Refl5]. Moreover, non-

Abelian Bl cosmologies were investigated in R¢L6]. 3 d+3
Hence, admitting that the conditions for the present acceler- @: —Nz(t)dt2+§2(t)2 o' o'+ b2(t) z oo™ (3)
i=1 m=4

1/2

Notice thatg;; is the D =(4+d)-dimensional metric, and
R, ¢, k, andA are, respectively, the scalar curvature, gauge

*Also at CENTRA, IST, R. R. Pais, 1049 Lisboa, Portugal. Email where the scale factoegt),b(t) and the lapse functioN(t)
address: pmoniz@dfisica.ubi.pt are arbitrary nonvanishing functions of time.
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It is further needed to find gauge fields which are consis-

tent with the above spatial homogeneity and isotropy. A most €)(a, ) = ivdbged“’yﬁze* 2dyy| | 1+ 297V 2?2 U1
useful class are the so-callsgmmetricfields, i.e., fields in- 4m Bea
variant up to a gauge transformation. These have been thor- 112

oughly employed beforésee Refs[10,17]). The Ansatzfor +e74yl//i d(d—-1) v _

the SO(4)xSO(d+1)-symmetric gauge field within a by 8e?B? 2

gauge groufK =SO(N), N<3+d, is

R d(d—l)inr A |
N_3—d L 167k 4 b3 8k
1 .
A— _ N) _ N)
A= 2 Mzzl BPY(t) 3+d+pa+d+qdtt 21<i2<j<3 Ti(j w! (6)
1 - with k=k/vgb§, €=e?/vyb), y=16mk/d(d+2),vq is
PN T pm=3n-3 the volume ofS® for b=1, =y In(b/by) is the dilaton,
=m<ns ~
dots denote time derivatives, and=uv 4bSA.
3 3 . . .
1 The Friedmann equation is
+i21 [Zfo(t)_zl Ejik7fk o .
I (a) 1 8k ¢2+Q( " o
N-3—d P L ) a, Pl
S 0T R
2 =1 p id+3+p

where we adde¢=po(a8/a3) corresponding to dust energy

dt3 yN-3-d " density, withp, anda, being the energy density and scale
+ 5 gq(t)T(m d+3+q o™, (4)  factor at present, respectively. The equation for the dilaton is
m=4 |2 §¢=1
. a. a0(a, )
pq . . ¢+ _lﬁ: T (8)
wherefy(t), fo(t), gq(t), BPY(t) are arbitrary functions and a Ay
TN are the generators
b4 . . S .
Notice thatfy(t),f={f,} represent the components in the and the Raychaudhuri equation is written as
four—dlmenspnal space-time, Aw.hllgz{gq} denotgs the ) gnk . Amk pod’
components in the spad¢é andB is an antisymmetric ma- a=— 3 ay — 3 al —
trix. It is important to stress that we consider gauge field a
configurations withnonvanishingtime-dependent compo- 8k Ak 90
nents inboth external and interna®® and S spaces. + TaQ+ TaZa__ 9)
a

The next step is to substitute the abodesdzeinto the
complete action, together with performing the conformal

~ ~ Furthermore, the deceleration parameter is given b
changes N2(t)=biN?(t)/bd(t), a(t)=bJa?(t)/bd(t), P g y

whereb, denotes the equilibrium value bf Aiming to study 8wk ... 4wk poad 8wk

the present dynamics, we focus on the variablgs and the Taz 2 T 3 3 a’Q
contributions to the effective potential from the Bl term for _ a (10
the gauge fields. In what follows, we restrict ourselves to a q 1 87k _.. 8wk poag 8k )

static vacuum configuration of the gauge fieldg=f{, f - Z+ TazwerT ?4‘?329

=f’, g=¢", with f and g being orthogonal. The notation

v1=Vy(fo. 1) E.mdvzz\/Z(gv). will be used throughout this The presence of Bl modifications to the gauge sector is
paper. Complying to the choices above, we subsequently ohy - Lico ot in the square root term .

tain the effective reduced action The form of Q implies an intricate analysis concerning
whether an accelerated expansion existMthfor large val-

3 10al? 3 1 ues ofa. This state would be induced by the value(@ta
Se= — 1672 J dtNa3[ e SNl T —®, e, associated to a stationary compactificatiori bf
87k g2|[N| 327k g where = oyremum We are required to solve both a generic

quartic and cubic equatiofsee Ref[18]). The correspond-
ing coefficients are all nontrivial functions of the parameters
introduced in Eqs(5),(6). In the limita— we may neglect
the term ina~* associated withv; as well as the term
a’(9Q/aa) in Egs.(7)—(10). However, the relevant informa-
where the potential includes exponential functions ¢af tion required to establish the existence of compactification
which has been pointed to as a common feature in string ceind acceleration can be retrieved by analyzing the two re-
M theory[12], gimes that will influence the cosmology with actioi, (6).
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We shall therefore consider the following limiting cases, be-  Taking ~0 and assuming that has had enough time to
tween which the dynamics governed by EGB—(9) inter-  settle at these extrema with negligible oscillations, the cur-

polate. o rent deceleration parameter is written as
Let us take the limit where

4 a1 Q?H%a%_azé d—1
efAyw_QvP , B 2 03 (d+2 12
bé 852ﬁ2 o= A —1\’ ( )
- my2,2, 270
4JFQOHOaOJra03 d52

corresponding to a situation where the internal dimensions
are small. In this regime, Bl effects clearly dominate over
standard gaugéradiation dynamics(see Refs[10,16,17).
The potentialQ) is approximated by

wherepoEQ{}“(SHg/ka), with Hy as the current value of
the Hubble parameter afdly'=p,/pc, pc being the critical
density. Negative values faj, can be obtained when, e.g.,

1 e 1 Jd(d—1
A= 5 e 83| g | 200H3E
0 € 3\d+2
—e | g2y 1 d(d_l)i_ A _ and
16mk 4 2 8k
aZé a-1 L omyza2
(11 03\dx2) "2 oModo-

Solutions where the internal dimensions are compactified o

cur if e27/— (A— C)(d+2)/B, where h particular, forA>0 we can find parameters for whicly

agrees with current data. Employing3=10%2, H3

1 dd-1) 1 A =10*hgkm®s 2 Mpc™?, hy<[0.4,0.7, 05'=0.3, bj of the
A= — ———, B=-—, order of the Planck size, it is possible to identify values for
16wk 4 p2 8wk A n ) o
0 vy, € €, B, dthat providegge[ —0.6,—0.4], satisfying the

- observational boundA (Y|<10 *?916x7k. Hence, Bl cos-
— i € i vd(d— 1)\/— mologies can be found in a state of accelerated expansion in
AT B bl J2€? 2 agreement with present measurements. This situation is nev-
ertheless afflicted by a fine tuning of parameters. Moreover,
If we write the solutions such that,,~0, this will deter- it may be unstabldif oscillations in ¢ increasg therefore

mine the cosmological constant to be fixed by suggesting that quintessence could be a transient effect, with
~ dust energy density eventually overdampiig
A 8wk(d+2)[d(d—1) B \/55 \/d(d—l)\/— Another limit needs to be investigated, namely when
= bg 8 B 62 (%]
(12 e—4w//i —d(d_l)v <1
4 qr2pH2 V27T
by 8e°B

and() is given byQ.—=A(d—1)/(d+2)8wk at this extre-
mum. Two possibilities can then be identified: wh@h A Thjs corresponds to a situation with internal dimensions
—C>0, B~A>0 or(b) A-C<0, B<0. Concerninda),  |arger than in Eq(11), where BI corrections will constitute
the potential has a local positive maximum that may be loperturbations to the standard gaugediation dynamics(see

cated in a suitably flat region and asymptotically approacheRefs.[10,16,17). The potential) (with a—) is different

zero at large values of the dilaton field. This implies that thefrom Eq. (11) and approximated by

extra dimensions may have evolved frdm=0 towards a

vacuum state at=b,. A universe in this state could have an Q=e Y[Ae Y+Be 8Y—-Ce 2/+D], (14

energy densityprovided by(),, through the stationary com-

pactification ofl%) larger than that of dust matter. However, where

guantum fluctuations may imply the dilaton will proceed ei-

ther tob~0 or b~o, with Q— —o (the universe will ini- 1 1 d(d-1) 1 1 1 d¥d-1)2v5

tiate a contractionor Q—0" (expansion of the internal A~ 76, bt 22 U2 CTAm 32p8 232 g2
. ) o €P by €B° =

spaceg, respectively. Therefore, scenari@ may constitute

an unstable cosmological stage. In possibililty, we have

instead a stable compactification but the minimum is nega- ~_ L d(d—-1) i _ A

tive and the potential behaves 8s-0~ at ¢y—. At this 16mk 4 p2’ 8wk’

minimum, the universe will eventually contract as the effec-

tive four-dimensional cosmological constantA®  We employ the following argument to simplify the quantita-

=87k Qi is negative. This is in contrast with current ob- tive analysis. Using=e~2"¥>0, the presence of the quar-

servational data. tic termy* in Eq. (14) amounts to shifting any minimum of
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the quadratic potential towards the origin, decreasing itsve can again obtaiggye[ —0.6,—0.4]. This constitutes an
magnitude. A similar effect is obtained withy?—(C/¢)y  additional scenario where Bl cosmologies can be found in an
+D, £>1 being a parameter that represents the influence adccelerated expansion consistent with observations. Never-
e 8 at the minimum. The potential is then approxi- theless, it is also afflicted by a fine tuning of parameters.
mated byQ=y¥?(Ay?—Cy/é+D). Stable compactification  We summarize this paper by pointing out that BI cosmo-
at a minimum occurs as long as logical models can indeed be compatible with the recently
5 observed state of accelerated expansion. In particular, quin-
<d_1 (d+2)” €0, i (15) tessence can constitute a possible transient stage, afflicted by
16k d+4 64 g2’ a fine tuning of the parameters introduced with the multidi-
mensional framework1)—(4). However, this is a problem
We further note thay>0=A>0. Seeking that the solution common to phenomenological approaches of fundamental
occurs for 4=0, we have to fine-tuneA as A=d(d  descriptions. Further research is surely needed and is well
—1)/1605¢, which further corresponds te,/e?=b§/64ké.  motivated. Subsequent directions to investigate could include
In orde_r_that the effective four-dimensional effective constantj) g thorough numerical analysi§i) discussing fluctuations
be positive, we take in the gauge field vacuum state#i) analyzing the stability
of compatification in Bl theories after inflation, @v) con-
- d(d-1) (1+9) (16) sidering corrections to the curvature as well as to the gauge
16b(2) & fields (in a Bl matter sectgrbrought in from M or string
theory[11]. Finally, it was pointed out that exponential po-
where 6 is an additional parameter used to comply to theantials V~Voe M’ may induce a power-law accelerated
above bounds. Note that is now fixed throughd, by, ¢, expansion é~tP,p>1/3) with \2<6, V,>0 or A\2>6,
and 8. Subsequently, the current deceleration parameter Wil{,o<0 [6]. The dilaton in Eqs(5),(6) could induce a decay-

be given by ing behavior forQh(a—oe, ) asy rolls down, possibly con-
my2.2 2 _ stituting an attractor in dsubset of solutions. This could
Qo';oao _ a_g d(d48 D ;_z also be investigated, namely for Eq$1),(12).
b
Qo= 0 5 ) (17) The author thanks CAUP for hospitality. The author is
__+QmHzaz+ﬂd(d_1) f also grateful to D. Clancy, C. Herdeiro, C. Martins, M.
4 7077070 b2 48 ¢ Costa, and P. Avelino for useful discussions. This research
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